WAFER SUPPORT AND RELEASE IN WAFER PROCESSING 



FIELD 



[0001] At least some embodiments of the invention relate to wafer processing, and more 
specifically, to releasing of temporary bonding in wafer processing. 



BACKGROUND 



[0002] Adhesive tapes and adhesive materials, such as epoxy, acryUcs, cyanate ester, have 
been used for temporary bonding in wafer processing. During wafer processing, a wafer may 
be temporarily bonded to a support substrate and later released from bonding to the support 
substrate after certain processing operations. For example, a wafer may be temporarily 
bonded to a glass substrate for support during the grinding of the backside of the wafer before 
backside metal (BSM) deposition. Backside grind may be performed to thin the wafer and aid 
sawing the wafer into chips for packaging and/or to rough the backside surface for improved 
adhesion of backside metal, such as Gold. After the backside grind and backside metal 
deposition, the support substrate is detached from the wafer. 

[0003] There exist commercially available adhesive tapes with the capability of 
ultraviolet (UV) light activated release of temporary bonding. The adhesion of the UV- 
releasing tapes reduces greatly after the exposure to the UV light. Such tapes may be used as 
wafer dicing tapes, providing temporary bonding of the wafer to the wafer dicing frame under 
the temperature of 80 °C or less in the absence of the UV light. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0004] The accompanying drawings illustrate by way of example and not limitation, in 
which like references indicate similar elements. 

[0005] Figures 1-10 illustrate an example process of using a sacrificial material to form 
temporary bonding and for subsequent release during wafer processing according to one 
embodiment of the invention. 

[0006] Figure 11 shows a flowchart of a process to use a sacrificial material according to 

one embodiment of the invention. 

[0007] Figure 12 shows a flowchart of a process for wafer thinning according to one 
embodiment of the invention. 

[0008] Figure 13 shows a detailed flowchart for wafer processing according to one 
embodiment of the invention. 
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DETAILED DESCRIPTION 



[0009] In the following description, numerous specific details are set forth. However, it is 
understood that embodiments of the invention may be practiced without these specific details. 
In other instances, well-known circuits, structures and techniques have not been shown in 
detail in order to avoid obscuring the understanding of the disclosure. References to one or an 
embodiment in the present disclosure are not necessarily references to the same embodiment; 
and, such references mean at least one. 

[0010] In one embodiment of the present invention, a solution of a sacrificial polymer 
(e.g., Unity™ Sacrificial Polymer fi-om BFGoodrich) is spray-coated on the wafer bump side. 
After solvent vaporization, a very thin layer of the sacrificial polymer is deposited on the 
wafer bump side. A liquid adhesive or a double-side tape is used to attach the wafer onto a 
wafer support substrate. After wafer thinning and backside metal deposition, the wafer with 
wafer support substrate is exposed to heat to decompose the sacrificial layer. The sacrificial 
polymer decomposes into gases and leaves almost no residues. Then, the wafer with the 
wafer support substrate is mounted on a wafer dicing firame; and the wafer support substrate is 
detached using a vacuum chuck. Since the sacrificial layer decomposes completely into 
gases, the adhesion between the wafer bump side and the adhesive layer is greatly reduced. 
Thus, the wafer support substrate and the adhesive layer can be detached easily firom the 
wafer. Since the sacrificial layer decomposes almost completely into gases, minimum residues 
are left on the wafer bumps. Further details and altemative embodiments are described below. 
[0011] A support glass substrate can be temporarily bonded to the firont side of the wafer 
to support and protect the wafer during backside grind. A double side tape or an adhesive 
material can be used to form an adhesive layer for temporary bonding. The fi"ont side of the 
wafer may have bumps, pads, or other extruding structures, which may fiirther increase the 
adhesion of the adhesive layer to the firont side of the wafer. However, releasing of the 



42P19140 



-4„ 



support substrate from the wafer can be very difficult because of the strong adhesion of the 
adhesive layer to the front side of the wafer. After the backside grind, the adhesive layer may 
stick to the front side of the wafer when the support substrate is detached from the wafer. 
Peeling off the adhesive layer manually can be tedious, slow and costly. 
[0012] At least one embodiment of the invention uses a sacrificial material to reduce the 
adhesion of the adhesive layer to the contact side of the wafer during the releasing of the 
temporary bonding. Thus, for example, the adhesive layer can be easily detached together 
with the support substrate from the wafer after wafer thinning. 

[0013] Sacrificial polymer materials, such as Polynorbomene, Polyoxymethylene and 
Polycarbonate, decompose at certain temperatures into gaseous species, leaving almost no 
residues. For example, a family of thermal decomposable norbomene derivatives, known as 
Unity™ Sacrificial Polymers, commercially available from Promerus LLC (formerly 
BFGoodrich Performance Materials), Brecksville, OH, USA, can be dissolved in a solvent 
(e.g., 1, 3, 5-trimethylbenzene). The decomposition temperature of the sacrificial polymer 
materials can be tailored by changing the chemical structure. For example, sacrificial 
polymer materials with a decomposition temperature around 200 °C - 250 °C are available. 
Such a decomposition temperature allows a secure bonding during the processing of the wafer 
(e.g., during the backside grind and backside metal deposition), while causing no damage to 
the wafer during the thermal decomposition of the materials. 

[0014] In one embodiment of the invention, a solution of a sacrificial polymer is spray- 
coated on the wafer bump side. After solvent vaporization, a very thin layer (e.g., a couple of 
microns thick or less) of the sacrificial polymer is deposited on the wafer bump side. An 
adhesive layer formed from a double-sided tape or a liquid adhesive is then used to attach the 
wafer onto a wafer support substrate. After wafer thinning and backside metal deposition, the 
wafer is exposed to heat with the wafer support substrate to thermally decompose the 
sacrificial polymer. The decomposition of the sacrificial polymer reduces the adhesion of the 
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adhesive layer to the bump side of the wafer. The wafer is then mounted on the wafer dicing 
frame on the backside of the wafer, with the support substrate attached to the bump side of the 
wafer. The support substrate is then detached from the wafer using a vacuum chuck. Since 
the sacrificial material decomposed into gaseous species during the heating process, the 
adhesion between the wafer bimip side and the adhesive layer is smaller than the adhesion 
between the support substrate and the adhesive layer. Thus, the adhesive layer is detached 
together with the support substrate from the bump side of the wafer. Further, since the 
adhesion of the adhesive layer to the bump side of the wafer is greatly reduced, detaching of 
the support substrate can be performed easily with a smaller force than that required without 
the use of the sacrificial polymer (or before the decomposition of the sacrificial polymer). 
Since the layer of sacrificial polymer is very thin, it can easily decompose into gases 
completely in heat without leaving residues on the wafer bumps. More detailed examples are 
described below. 

[0015] Figures 1-10 illustrate an example process of using a sacrificial material to form 
temporary bonding and for subsequent release during wafer processing according to one 
embodiment of the invention. 

[0016] Figure 1 shows a wafer (102) with contacts (e.g., bumps 104) on the front side. 

For example, a large silicon single crystal cylinder is typically sliced into thin wafers, which 
are used for making Litegrated Circuit (IC) chips. Devices (e.g., circuits) are typically formed 
near the front side of the wafer. When a wafer is completed through the fabrication process, 
the front side surface of the wafer typically contains many individual discrete devices (dies or 
chips, as illustrated in Figure 10). The contacts (e.g., bond pads, solder bimips) provide the 
electrical connections between the die substrate (e.g., from the circuits formed in the wafer) 
and the pins of the packaged IC chip for connection onto a printed circuit board. For 
example, a device formed on the wafer includes cells for implementing logic gates (e.g., 101) 
and metal layers (e.g., 108) for electronically intercoimect the cells. Dielectric layers (e.g.. 
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105) separate metal layers from cells and bumps. Bumps 104 provide electronic connections 
to the device through pads (e.g., 103), metal layers (e.g., 108) and vias (e.g., 107). It is 
understood that in Figures 1-10 only a section of the wafer is illustrated; and an entire wafer 
typically includes a large number of bumps on the bump side for many discrete devices. 
[0017] The height of the bumps, hbump (106), is typically in the order of 50 micron. 
Alternatively, other structures extruding above a surface of the wafer, such as bond pads, may 
present on the front side of the wafer (e.g., for providing electrical contacts for the devices 
formed on the wafer). 

[0018] Figure 2 shows a sacrificial layer (110) formed on the bump side of the wafer. 
The thickness, t (1 12), of the sacrificial layer can be in a range of a few microns, or less than 
one micron. 

[0019] The sacrificial layer may be formed through spray coating (1 14) a solution of a 
sacrificial polymer on the wafer bump side. Alternatively, the solution may be spin coated on 
the wafer bump side. After solvent vaporization (1 16), the thin layer of the sacrificial 
polymer is coated on the bump side of the wafer. For example, a solution of a Unity™ 
Sacrificial Polymer in a solvent (e.g., trimethylbenzene) can be spray coated on the wafer 
bump side. After the solution of the sacrificial polymer is cured (e.g., through vaporizing the 
solvent), a layer of the sacrificial polymer is deposited on the bump side of the wafer. In one 
embodiment, the sacrificial polymer coated on the bump side of the wafer has a 
decomposition temperature (e.g., in the range of 200 °C - 250 °C) that is higher than the 
temperatures the wafer experiences during the processing under the support of the wafer 
support substrate bonded temporary to the bump side of the wafer through an adhesive layer 
(e.g., wafer thinning and backside metal deposition) but lower than the temperatures that 
would cause degradation of the adhesive layer or other structures (e.g., the solder bumps). 
The solvent, the sacrificial polymer and gases generated from decomposing the sacrificial 
polymer do not react with the wafer and the structures formed above the surface of the wafer 
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(e.g., bumps, pads). Thus, the application of the sacrificial polymer will not cause damage to 
the devices foraied on the wafer. Since the sacrificial polymer decomposes into gases when 
heated to the decomposition temperature, leaving minimum residuals on the bump side of the 
wafer, the sacrificial polymer can be destructed through heating to reduce the adhesion 
between the adhesive layer and the wafer bump side so that the adhesive layer can be easily 
removed together with the wafer support substrate fi^om the wafer. 

[0020] The sacrificial layer may or may not continuously cover the entire bump side, hi 
one embodiment, the sacrificial material is substantially uniformly distributed on the bump 
side so that upon the decomposition of the sacrificial material the adhesion of the adhesive 
layer is reduced substantially uniformly on the bump side. However, depending on the surface 
condition of the bump side of the wafer, the distribution of the sacrificial material may not be 
uniform. For example, a distribution of the sacrificial material may be denser in an area with 
more extruding structures than in other areas. The distribution of the sacrificial material can 
be used to control the degree of reduction in adhesion in the releasing process. 
[0021] Since when trapped the gases generated after the decomposition of the sacrificial 
polymer may apply an expanding force on the wafer, in one embodiment, only a thin layer of 
the sacrificial layer is coated so that no excessive force is applied on the wafer to cause 
damage or cause rapid separation of the wafer and the support substrate when heated. 
[0022] hi Figure 3, a wafer support adhesive (120) is applied over the sacrificial layer 
(110). The wafer support adhesive may be formed using a liquid adhesive, such as acryUcs 
which is UV-curable at a room temperature. Other types of adhesives, such as epoxy or 
cyanate ester, can also be used. The Uquid adhesive can be spin coated over the sacrificial 
layer on the bump side. Alternatively, a double side coated adhesive tape may be used as the 
wafer support adhesive. 
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[0023] In one embodiment, the sacrificial layer does not continuously cover the entire 
bump side of the wafer. Thus, the wafer support adhesive may bond to the sacrificial layer in 
some areas and directly bond to wafer in some other areas. 

[0024] The adhesive layer is typically thicker than the height of the structures extruding 
beyond the wafer surface (e.g., thicker than the bump height hbump (106) illustrated in Figxu-e 
1). Thus, the bumps are protected in the wafer support adhesive layer; and the bumps do not 
directly contact the wafer support substrate. 

[0025] In one embodiment, while the adhesive is still in the liquid form, a wafer support 
substrate is mounted on the adhesive layer so that the wafer support substrate and the adhesive 
layer are in smooth contact. The mounting of the wafer support substrate may be performed 
under vacuum condition to avoid trapping air bubbles. Then, the liquid adhesive is cured (e.g., 
through exposure to UV light at a room temperature) into a solid form, providing adhesive 
bonding between the wafer and the wafer support substrate. 

[0026] Figure 4 shows the wafer (102) mounted on a wafer support substrate (130). In 
one embodiment, the wafer support substrate is made of clear glass (e.g., quartz glass). Thus, 
when a UV-curable liquid adhesive, such as acrylics, is used for the wafer support adhesive, 
UV-light can be shined through the wafer support substrate on the hquid adhesive to cure the 
adhesive layer and to bond the wafer to the wafer support substrate. 
[0027] The wafer support substrate may be used to support the wafer during backside 
grind. The wafer support adhesive and the sacrificial layer secure the wafer to the wafer 
support substrate so that the bumps and the devices under the bumps are protected during 
backside grind. The thickness of the wafer support adhesive is typically larger than the height 
of the bumps to protect the bumps (and other extruding structures on the front side of wafer). 
Altematively, a double side coated adhesive tape may be used to form the wafer support 
adhesive. 
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[0028] In one embodiment, the wafer is thinned significantly to reduce the thickness (e.g., 
to less than 150 microns). The wafer may be thinned significantly to accommodate packaging 
requirement (e.g., stack packaging) or to attach a heat sink. For example, a fiiU thickness 
bumped wafer may be grinded on the backside using a diamond plate to reduce the thickness 
to less than 125 ixm. Figure 5 illustrates the wafer after thinning so that thickness d2 (134) in 
Figure 5 is much smaller than thickness di (132) in Figure 4. The heat generated from 
backside grind can be controlled through the use of cooling water so that the temperature of 
the wafer does not rise to degrade the bonding adhesion of the wafer support adhesive and the 
sacrificial layer. 

[0029] Figure 6 shows the backside metal (140) deposited on the backside of the wafer 
after wafer thinning (or backside grind). The backside metal may include one or more layers 
of Au, Ni, Ti, Pt and others, according to the design and the appUcation of the devices. For 
example, the backside metal may include one or more layers, such as an adhesion/barrier 
layer (e.g.. Titanium or Tantalum), a wetting layer (e.g., Nickel, Nickel Vanadium), and 
protection layer (e.g., Gold or Platinimi). 

[0030] Figure 7 illustrates the decomposition of the sacrificial layer when the wafer is 
exposed to heat. In one embodiment, the wafer may be heated in an oven at a temperature 
about 200 - 250 for a period of 5 to 10 minutes. Exposed to heat, the sacrificial 
polymer decomposes into gases in the oven, forming voids at the interface between the wafer 
and the wafer support adhesive. The gases may be trapped between the wafer and the wafer 
support adhesive. In one embodiment, the thickness of the sacrificial layer is very thin such 
that the expansion force appUed by the trapped gases does not rapidly destroy the bonding 
between the wafer and the wafer support adhesive. The decomposition and the expansion 
force of the gases generated fi'om the decomposition greatly reduce the adhesion of the wafer 
support adhesive to the bump side of the wafer. The detaching of the wafer support substrate 
is perforaied in a controlled manner. In one embodiment, the wafer support adhesive still 
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adheres to the bump side of the wafer after the decomposition of the sacrificial layer so that 
the wafer support substrate can provide support in the handling of the wafer before the wafer 
support substrate is detached from the wafer. Alternatively, the adhesion of the wafer support 
adhesive to the bump side of the wafer may be substantially reduced to zero; and the gases 
from the decomposition form a thin cushion between the wafer support adhesive and the 
bump side of the wafer. 

[0031] In one embodiment, after the decomposition of the sacrificial layer, the wafer 
support substrate is not detached from the wafer until fiirther processing (e.g., attaching the 
back side of the wafer to a supporting tape, such as a wafer dicing tape). Alternatively, the 
wafer may be detached from the wafer after the decomposition of the sacrificial layer and 
before fiirther processing, since the decomposition of the sacrificial layer greatly reduces the 
adhesion of the adhesion layer to the wafer bump side. 

[0032] Figure 8 shows attaching the wafer on the wafer dicing tape (e.g., to mount on a 
wafer dicing frame, not shown). Any commercially available wafer dicing tapes, such as a 
UV-releasing tape, can be used. 

[0033] Figure 9 shows detaching the wafer support substrate (130) together with the 
wafer support adhesive (120) from the bump side of the wafer. For example, a vacuum tool 
can be used to lift the wafer support substrate together with the wafer support adhesive off the 
bump side of the wafer while the wafer is attached to a wafer dicing frame using the wafer 
dicing tape. Since the adhesion of the wafer support adhesive to the bump side of the wafer is 
greatly reduce, only a small force is required to release the wafer support substrate from the 
wafer. Further, since the adhesion of the wafer support adhesive to the wafer support 
substrate remains strong, the wafer support adhesive adheres to the wafer support substrate, 
not the bump side of the wafer. Thus, the need to peel off the adhesive layer is eliminated. 
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[0034] The sacrificial layer is substantially decomposed into gases. Thus, after the release 

of the wafer from the wafer support substrate, the bump side of the wafer is substantially free 

of residue traces from the sacrificial layer and the wafer support adhesive. 

[0035] Optionally, plasma cleaning can be performed to remove any possible residual 

traces on the wafer bumps (e.g., through performing plasma clean using argon). 

[0036] After detaching the wafer support substrate (and optional plasma cleaning), the 

thin wafer can be diced into chips for packaging. Figure 10 illustrates the dicing of the wafer 

into multiple individual discrete devices (dies or chips). 

[0037] Figure 11 shows a flowchart of a process to use a sacrificial material according to 
one embodiment of the invention. After a sacrificial layer is formed on a side of a wafer 
(202), the wafer is mounted onto a substrate over the sacrificial layer (204). Then, the wafer 
is processed with the substrate (206). For example, the substrate may be used to support and 
protect the wafer during the backside grind process. The sacrificial layer is thermally 
destructed to decouple the wafer and the substrate (208). For example, the wafer and the 
substrate are exposed to heat to cause the decomposition of the sacrificial layer into gases. 
Altematively, UV light or laser maybe used to cause the thermal decomposition of the 
sacrificial layer. Although it is preferred to use a sacrificial material that thermally 
decomposes into gases without residual traces, other types of materials that degrade in 
bonding strength with a wafer under certain condition (e.g., upon exposure to UV hght or 
heat) may also be used. It is preferred that no residual traces are generated from the sacrificial 
material after the detaching of the substrate to minimize the need for cleaning. 
[0038] Figure 12 shows a flowchart of a process for wafer thinning according to one 
embodiment of the invention. After a sacrificial layer is formed over bumps on a bump side of 
a wafer (222), the bump side of the wafer is mounted onto a support substrate through an 
adhesive layer (224). After the wafer is thinned to a desired thickness (226), the sacrificial 
layer is decomposed to detach the wafer from the adhesive layer and the substrate (228). The 
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decomposition of the layer may be perfomied by exposure to heat (or UV light or laser). It is 
preferred that the exposure of heat (or UV light or laser) only releases or significantly 
degrades the bonding of the sacrificial layer and wafer but not the bonding of other adhesive 
bonding, such as the bonding between the adhesive layer and the support substrate. 
[0039] Figure 13 shows a detailed flowchart for wafer processing according to one 
embodiment of the invention. A solution of a sacrificial polymer (e.g., Polynorbomene, 
Polyoxymethylene or Polycarbonate) is spray coated over bumps on a bmnp side of a wafer to 
form a thin sacrificial layer after solvent vaporization, where the sacrificial polymer is capable 
of decomposing into gases when heated (e.g., to a temperature between 200 °C or 250 °C) 
(242). An adhesive layer (e.g., a UV-curable liquid adhesive such as acrylics or a double side 
tape) is applied over the sacrificial layer to bond the bump side of the wafer to a support 
substrate (e.g., glass substrate) (244). For example, after an acryUcs layer is spin coated on 
the bump side of the wafer, a glass substrate is attached over the acryUcs layer while it is still 
in the liquid form. UV-light is then shinned through the glass substrate to cure acryhcs in a 
room temperate. Once the acrylics layer is cured, the wafer is securely bonded to the support 
substrate. The wafer is then thinned on the backside to a desired thickness (e.g., less than 150 
pm) under the support of the substrate (e.g., through backside grind using a diamond plate) 
(246). After thinning and grinding, backside metal (e.g., Au, Ni, Ti, Pt, depending on the 
design of the chips) is deposit on the backside of the wafer (248). The wafer is then exposed 
to heat (e.g., in an oven) for the decomposition of the sacrificial layer (e.g., for a period of 5 to 
10 minutes) to reduce the adhesion of the adhesive layer to the wafer (250). After the backside 
of the wafer is attached to a wafer dicing tape (e.g., a UV releasing tape) (252), the support 
substrate is detached together with the adhesive layer fi-om the bump side of the wafer while 
the wafer is supported by the wafer dicing tape on the backside (254). The wafer is diced into 
chips (256); and the chips are packaged (258). 
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[0040] In the foregoing specification, specific exemplary embodiments have been 
described. It will be evident that various modifications may be made thereto without 
departing from the broader spirit and scope of the disclosure. The specification and drawings 
are, accordingly, to be regarded in an illustrative sense rather than a restrictive sense. 
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